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Overview

It is well established that fish and other aquatic biota readily bioaccumulate metals from their
surrounding water, sediments, and food. Importantly, such bioaccumulated metals can represent
significant toxicological threats not only to exposed aquatic organisms but also to terrestrial wildlife
and humans which that consume contaminated fish or aquatic invertebrates. Consequently, as part of
the Agency’s integrated exposure and effects assessment of the Gold King Mine (GKM) release,
EPA’s BASS (Bioaccumulation and Aquatic System Simulator) model (Barber 2008a, 2012) was
used to characterize the expected metal concentrations of Animas River fish under nominal
background conditions and immediately before, during, and after the passage of the GKM plume
which in turn could be used to assess whether Animas River fishes could be expected to
bicaccumulate toxic body burdens of metals due to their exposure to the plume and whether such
fish would be expected to pose a hazard to piscivorous wildlife and humans.

Approach and Methods
Model Description

BASS is a Fortran 95/2003 simulation program that predicts the population and bioaccumulation
dynamics of age-structured fish assemblages that are exposed to hydrophobic organic pollutants and
1B, 2B, and borderline metals that complex with sulthydryl groups (e.g., Cd, Cu, Hg, Pb, and Zn).
The model's bioaccumulation algorithms are based on diffusion kinetics and are coupled to a
process-based model for the growth of individual fish. These algorithms, which have been reviewed
and compared to those used in similar models (Barber 2003, 2008b), consider both biological
attributes of fishes and physico-chemical (pchem) properties of chemicals that determine diffusive
exchange across gill membranes and intestinal mucosa. Important biological characteristics which
are considered in BASS include the fish's gill morphometry, feeding and growth rates, and proximate
composition (i.e., its fractional aqueous, lipid, and structural organic content). Similarly, important
pchem properties addressed by the model include the chemical's aqueous diffusivity, n-octanol /
water partition coefficient (Kow), and, for metals, binding coefficients to proteins and other organic
matter. BASS simulates fish growth using a standard mass balance, bioenergetic model (i.e., growth
= ingestion - egestion - respiration - specific dynamic action - excretion). A fish's realized ingestion
is calculated from its expected consumption rate adjusted for the availability of prey of the
appropriate size and taxonomy. The community's food web is delineated by defining one or more
foraging classes for each fish species based on its body weight, body length, or age. The dietary
composition of each of these foraging classes is specified as a combination of benthos, incidental
terrestrial insects, periphyton, phytoplankton, zooplankton, and one or more fish species. Population
dynamics are generated by predatory mortalities defined by community's food web and standing
stocks, physiological mortality rates, the maximum longevity of species, toxicological responses to
chemical exposures, and dispersal. The model's temporal and spatial scales are that of a day and of a
hectare, respectively.

BASS input data and commands are classified into four categories: simulation control parameters,
chemical parameters, fish parameters, and non-fish parameters. Simulation control parameters
provide information that applies to the simulation as a whole (e.g., length of the simulation, the
ambient water temperature, water column depth, etc.). Chemical parameters specify the chemical's
pchem properties (e.g., the chemical's molecular weight, n-octanol / water partition coefficient, metal
binding coefficients, etc.) and the chemical's concentrations in various media. Fish parameters
specify the fish's feeding and metabolic demands, dietary composition, predator-prey relationships,
¢ill morphometrics, body composition, and initial conditions for the body weights, whole-body
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127  chemical concentrations, and population sizes of a fish's cohorts. Non-fish biotic parameters specify
128 how benthos, terrestrial insects, periphyton, and plankton will be simulated.

129 An extensive database has been compiled for BASS in concert with its code development and

130 applications. Using these data, an auxiliary parameterization program has been developed to estimate
131 the bioenergetic, ecological, and morphometric parameters required by BASS using species, genus,
132 or family-specific data. When these taxonomic levels of data are unavailable, however, this

133 parameterization software uses inter-specific averages calculated from BASS’s database supplement.

134 Just prior to the GKM release, the BASS parametrization software was updated to calibrate default
135  fish parameter files (i.c., BASS * FSH files) using species specific thermal niches as outlined by
136  Zorn et al. (2008) and Lyons et al. (2009) and maximum specific body lengths from the PisCES

137  (Piscine Community Estimation Software) database. The upper bounds of these thermal niches were
138 defined to be the July mean water temperatures (JMT) of streams and rivers inhabited by the species
139 of interest. Data sources used to construct and to assign these JMT-based niches included the

140 WHATIF Hydrology tool (USEPA 2016), Hinz et al. (2011), Lyons et al. (2009), and Zorn et al.

141 (2008, 2009, 2012). Additionally, the BASS parametrization software was updated to use only

142 common and scientific names recognized by the Peterson Field Guide to Freshwater Fishes of North
143 America North of Mexico (2011) which is based on Common and Scientific Names of Fishes from
144 the United States, Canada, and Mexico (2004) published jointly by the American Fisheries Society
145  and the American Society of Ichthyologists.

146  BASS generates the following three types of output files:

147 1. An output file that summarizes the user's input parameters, any input errors detected by

148 BASS, and any warnings / errors encountered during an actual simulation.

149 2. An output file that tabulates selected results of the simulation. Tabulated summaries include
150 (1) annual bioenergetic fluxes and growth statistics of individual fish by species and age
151 class, (2) annual bioaccumulation fluxes and statistics of individual fish by species and age
152 class, and (3) annual community fluxes and statistics of each fish species by age class.

153 3. A variety of CSV files that contain community state variables as well as integrated annual
154 flow summaries and annual means for selected state variables. Users can import these files
155 into Excel to generate their own custom analyses, plots, and/or tables.

156  Model Updates for the GKM Exposure Assessment

157  Although BASS has been successfully used to simulate MeHg [e.g., Murphy (2004), USEPA (2005),
158  Knightes et al. (2009), Johnston et al. (2011), Reese et al. (2015), and Barber et al. (2016)], initial
159  simulations of the GKM plume at Silverton, which had dissolved Zn concentrations at least 6 orders
160  of magnitude greater than typical dissolved MeHg concentrations, yielded unrealistically high fish
161  Zn concentrations. Consequently, BASS’s algorithms for describing the internal distribution and

162 excretion of metals in fish were updated to accommodate saturable kinetics.

163 Unlike organic chemicals that are distributed into the lipids and nonlipid organic matter (NLOM) of
164 fish by thermodynamic partitioning, metals are distributed into the dry organic matter (DOM) of fish
165 by binding to specific functional groups (¢.g., sulthydryl groups in the case on type 1B and 2B

166  metals) contained within the fish’s DOM. From a modeling perspective, the significance of this

167  difference is that the concentrations of convectional organic pollutants in a fish’s lipids and NLOM
168  (ie, C, and C , respectively) can be predicted from their concentrations in the fish’s whole-body

no

169  water (i.e., C,) using linear i1sotherms of the form
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C =KwC, (.1
C =KC, (.2)

where K, and K, are appropriately selected partition coefficients. For example, it is generally
assumed that K, = K, and K, = K. where K, and K. are the chemical’s n-octanol / water

and organic carbon-water partition coefficients, respectively. However, because the concentration of
binding sites in a fish’s DOM is finite, metal concentrations in the DOM of fish will approximately
follow a linear isotherm only for “low” (', and become essentially constant for “high” C, as the

metal saturates the available binding sites.

Fortunately, an empirical nonlinear isotherm for metal binding to sulthydryl groups contained within
a fish’s DOM can be developed straightforwardly using the following two equations as the
asymptotes of the needed isotherm:

C,=Cqy (.3)
C,=K,yC, (.4)

In these equations, C,is the metal’s concentration (pmol/g dry wt) in fish’s DOM; (g, is the
sulthydryl concentration (umol/g dry wt) of the DOM; and K, is the metal’s partition coefficient

(mL/g dry wt) when sulfhydryl binding sites are non-limiting. Perhaps the most obvious class of
functions which could be used for this purpose is the class of nonrectangular hyperbolas. Although
hyperbolas are most commonly formulated in terms of conic cross sections, they can also be easily
formulated in terms of their asymptotes (Puckle 1868). In particular, all nonrectangular hyperbolas
having Equations (E.3) and (E.4) as their asymptotes can be expressed as

(C, = Cor)(Cy = Ky, ) = h (.5)

where £ is a constant. The solutions of this quadratic equation are

(CSH + KDWCa ) * \/(CSH - KDWCa )2 +4h

C,= 5 (.6)

For modeling DOM metal concentrations, the minimum root of Equation (E.6) is chosen, i.e.,

(CSH + KDWCa ) - \/( CSH - KDW Ca )2 +4h

G, = ) .7

and 4 is assigned to be positive. Because this equation predicts that C, <0 when C, =0, it must be
adjusted to ensure that C, =0 when C, =0 . To accomplish this behavior, Equation (E.4) can be
translated up & units, i.e.,

C, =Ky C, +k (.8)

When this modification is made, the adjusted absorption isotherm is
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Cap k4 K €, ~(Cog — k= Ky C, ) + 4

200 C, 5 (.9
201 where the required translation constant is
202 k=h/Cg (.10)

203 Figure E-1 illustrates the behavior of Equations (E.9) and (E.10) for zinc assuming that

204 Cg, =153 ymol/g dry wt [back-calculated assuming a maximum observed whole-body zinc

205 concentration in fish is approximately 1000 ug/g dry wt; see Murphy et al. (1978) and Wiener and
206 Giesy (1979)], K,y =17800 ml/g dry wt [back-calculated from McGeer et al. (2003)], #=0.01K

207  (assumed), and the percent moisture of the fish is 75%.

208  Because BASS models the chemical excretion across a fish’s gills and intestine based on its aqueous
209  phase metal concentration ( C, ), BASS must back-calculate a fish’s C, based on its current whole-

210 body metal concentration C, . To accomplish this task, BASS solves for the root of the following

211 monotonically increasing objective function

PaCa+PdCd
Z =

C

212 1 (.11

213 where P, and P, =1- P, denote the proportions of the fish’s whole body that are water and DOM,

214 respectively. This objective function is derived directly from the following mass balance
215 relationships

B, =W,C,+W,C,

B, .

216 2 Fe P (.12)
Wf Wf Wf
C,=PC,+PC,

217 where B, denotes the fish’s whole-body metal burden/mass, and W, , W, , and W, denote the fish’s

218  water, DOM, and whole-body masses, respectively. When Equation (E.9) is substituted in Equation
219 (E.11), and constants terms are renamed as simple positive parameters, the required objective
220  function can be expressed as

:PaCa +PdCd -

221 z Sand (.13)
C/ Cf

re Q(Qm+k+Kﬁ#;—JU%H—k—K (?Y+4h)

DW ~a o
222 z=loay - -1 (.14
C, 2C,
2
223 z:@@+ﬁ4@—ﬂm—qu)+@)4 (15)
224 where
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A 2, (.16)
P,

A :2Cf .17
By =Cyy +k (.18)
Bi=Cy—k (.19

B =4h (.20)

Model Setup for the GKM Exposure Assessment

This component of the Agency’s exposure assessment for the GKM release focuses on the
bioaccumulation of Cd, Cu, Pb, and Zn (i.¢., the dominant trace metals during the release) at the
following State of Colorado sites: Silverton, Durango, and the Southern Ute Indian Tribe (SUIT)
Reservation. This assessment simulated not only the bioaccumulation of Cd, Cu, Pb, and Zn
immediately before, during, and after the GKM plumes at the sites of concern but also the annual
background bioaccumulation of these metals for an average flow year.

To setup BASS for these for these simulations, the Agency’s Animas River Team

1. Identified the species composition of fishes expected to occur at the Animas River sites
impacted by the GKM release.

2. Used the BASS parameterizations sofiware {o estimate all bioenergetic, ecological, and
morphometric parameters needed to simulate the growth and bioaccumulation of fishes
identified in Step 1. Currently, this software provides default parameterization for 621
species of North American fishes.

3. Developed empirical distribution coefficients for calculating the concentrations of Cd, Cu,
Pb, and Zn in the aqueous and DOM phases of Animas River fishes.

4. Constructed BASS exposure files for the selected Animas River sites using observed and
predicted dissolved metal concentrations developed by the team’s empirical fate and
transport subtask.

For these assessments, all Animas River projects were executed in BASS’s FGETS mode which
simulates only fish growth and bioaccumulation (i.e., fish population dynamics were not simulated).

Fishes of Concern

Based on 2010 and 2012 SUIT fish surveys of the Animas River between Purple Cliffs and the New
Mexico Stateline, over 97% of total fish catch were accounted for by the following species: 29.2%
brown trout (Salmo frutia), 25.9% bluchead sucker (Caftostomus discobolus), 18.7% rainbow trout
(Oncorhynchus mykiss), 12.3 % mottled sculpin (Cottus bairdii), 7.8 flannelmouth sucker
(Catostomus latipinnis), and 3.3% white sucker (Catostomus commersonii) (Zimmerman 2013).
Consequently, for this assessment, this community of fishes was assumed to be representative at
cach site of interest.

Because the BASS fish database is biased toward eastern and nationally distributed species, life
history data concerning the growth, age/length at maturity, and time of spawning of bluehead and
flannelmouth suckers were reviewed and updated in the BASS fish database for this assessment.

Estimation of Metal Distribution Coefficients Kpw
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263 A straightforward method to estimate K, was developed by rewriting Equation (E.12) as follows

Y C Al
C, :(Pa +P°1C—,djc“

o

264 c (.21)
f
F =F, +F Ky,
265  Because the preceding equation converges to
266 BAF =P, + P, K (.22)

267  as C, approaches steady-state with the fish’s ambient environmental water concentrations (i.e.,
268 C, =C,), this equation can be used to back-calculate K, given P and a reasonable estimate of the

269  steady-state BAF of the metal of concern. Published metal BAFs , however, are highly variable and
270  inversely dependent on the environmental water concentrations used to calculate them (Chapman et
271 al. 1996, McGeer et al. 2003, DeForest et al. 2007). Nevertheless, high fish BA#£s in waters with
272 extremely low dissolved metal concentrations and low fish BAFs in waters with extremely high

273 dissolved metal concentrations, can both be interpreted as non steady-state phenomena that have
274 significantly different explanations. For example, in the former case, fish are probably deriving most
275  of their metals from foods that have already concentrated the metal of concern, and their gills

276  function as a net excretion pathway resulting in C, > C, . In the latter case, the fish’s binding sites

277  are essentially saturated resulting not only in a nearly constantC, / C but alsoin C, <C, . Based on
278  these considerations, it was assumed that the mean BAFs reported by McGeer et al. (2003) could be
279 used to back-calculate K, .

280  BASS Exposure Files

281 BASS exposure files for the GKM plumes at Silverton and Durango were constructed directly from
282 the observed dissolved water concentrations at these sites. The water concentration of each metal
283 before and after the plumes were arbitrarily set to the minimum of the observed water concentration
284  immediately before and after the plumes arrived and passed. Because the plume data for the SUIT
285  sites was much more limited than those at Silverton and Durango, for this analysis the water

286  concentrations at this site were modeled constants equal to the medians to the available data for
287  August 5-16, 2015.

288  To estimate daily background water concentrations ( C, mg/L) for an average flow year, all available
289  dissolved metal concentrations were first fitted to the log-linear instream loading model

290 log,, L=alog,, O +b (.23)

291  where Q is the site’s daily discharge rate (L/s), and L =C QO is the site’s corresponding instream
292 loading rate (mg/s). See Table E-1. Instream loading rates were then calculated for each site and
293 metal using average daily discharges from USGS gaging stations; these loading rates and discharges
294 were then used to generate annual time series of metal concentrations (C,, = L/ Q) at each site.

295 These time series, in turn, were formatted into BASS exposure files.
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296  Readers should note that this seemingly circular method of estimating daily water concentrations was
297  used to circumvent potential mathematic issues associated with estimating the required
298  concentrations with the apparently more direct model

299 log,, C, = é+blog,, O (.24)

300  To illustrate these potential issues, we note that any time series of water concentrations and
301  discharges can be manipulated as follows

oL

0
log,, C,, =alog,, L — Blog,,O+y
log,, C,, = alog, (CWQ) - plog,, QO +y

302 log,, C, =alog,, C, +alog, O, — PlogQ+y (.25)
(1 - oz)logm C, =(a-Plog,,0+y
. a-
log,, C, = —ﬂIOg A +L
l-a -«

log,, C,, = a+blog,, Q

W

303  Since in theory, both & and g should approach 1, the lumped coefficient b could approach the

304  indefinite form 0/0 which could be problematic for obtaining reliable estimates either 4 or b.
305  Readers should also note that Equations (E.23) and (E.24) necessarily will minimize different errors
306  and thus will yield different concentrations.

307 Results and Discussion
308  Animas Background Bicaccumulation Dynamics

309  Figure E-2 displays the simulated dynamics of whole-body metal concentrations (ug/g wet wt) of 2-
310 3year old brown trout during an average flow year at Silverton and Durango as well as the mean
311 observed metal concentrations of fish from the Animas and San Juan Rivers (USBR 1996, Simpson
312 and Lusk 1999, SUIT 2015) and from AK, ID, MO, and OK watersheds impacted by mining (Farag
313 etal. 1998, Gale et al. 2004, Kiser et al. 2010, Hitselberger 2012, Allert et al. 2013, Kanouse and
314 Brewster 2013). BASS-simulated data are displayed in red, and observed field data are displayed in
315 blue.

316  Figure E-2 shows at least four notably trends. Firstly, each simulation shows a rapid initial uptake of
317  metals during the first week of October which is a transient behavior due to assuming zero initial
318 whole-body concentrations for all fish and metals. Secondly, with the exception of Cu at Durango
319  and the SUIT Reservation, BASS-simulated metal concentrations of 2-3 year old trout decrease
320 during snowmelt (i.e., early April through July). Thirdly, with the exception of Pb at Silverton,

321  BASS-simulated metal concentrations of these trout generally decrease as the Animas River flows
322 downstream from Silverton to the SUIT Reservation. Lastly, BASS-simulated metal concentrations
323 atthe SUIT Reservation are reasonably consistent with the mean concentrations observed for the
324  middle and lower Animas [1.e., SUIT (2015) and USBR (1996)] which, in turn, are bounded on the
325 low end by mean observed metal concentrations from the San Juan River (Simpson and Lusk 1999)
326  and on the high end by mean observed concentrations from other western and Midwestern
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watersheds impacted by mining [i.e., Allert et al. (2013), Farag et al. (1998), Gale et al. (2004),
Hitselberger (2012), Kanouse and Brewster (2013), and Kiser et al. (2010)].

Figure E-3 displays box plots for the whole-body metal concentrations (ug/g wet wt) of all age
classes of all fish species during an average year at Silverton and Durango as well as box plots for all
available observed metal concentrations of fish from the Animas and San Juan Rivers (USBR 1996,
Simpson and Lusk 1999, SUIT 2015) and from AK, ID, MO, and OK watersheds impacted by
mining (Farag et al. 1998, Gale et al. 2004, Kiser et al. 2010, Hitselberger 2012, Allert et al. 2013,
Kanouse and Brewster 2013). The top and bottom of each box corresponds to the first and third
quartiles of the data, respectively; the line inside the box is the data’s second quartile (i.e., median);
and the upper and lower bars or “whiskers” denote the data’s maximum and minimuim, respectively.
Table E-3 summarizes the means and standard deviations (SD) of these data.

The box plots displayed in Figure E-3 show at least four notable trends. Firstly, with the exception of
Pb at Silverton, BASS-simulated metal concentrations of fish decrease monotonically as the Animas
River flows downstream from Silverton to the SUIT Reservation. Secondly, BASS-simulated metal
concentrations at the SUIT Reservation are very consistent with those observed for the middle and
lower Animas [i.e., SUIT (2015) and USBR (1996)]. Thirdly, there is a general trend for observed
metal concentrations in fish from the middle and lower Animas to be noticeably higher than those
observed in the San Juan River (Simpson and Lusk 1999). Lastly, BASS-simulated metal
concentrations at Durango and the SUIT Reservation are reasonably consistent with those observed
from other western and Midwestern watersheds impacted by mining [i.e., Allert et al. (2013), Farag
et al. (1998), Gale et al. (2004), Hitselberger (2012), Kanouse and Brewster (2013), and Kiser et al.
(2010)].

GKM Plume Bioaccumulation Dynamics

Figure E-4 displays the simulated dynamics of the whole-body metal concentrations (ug/g wet wt) in
2-3 year old brown trout during the GKM plumes at Silverton and Durango as well as mean observed
metals of fish from the Animas and San Juan Rivers (USBR 1996, Simpson and Lusk 1999, SUIT
2015). As before, BASS-simulated data are displayed in red, and observed field data are displayed in
blue.

Figure E-4 shows at least three notably findings. Firstly, with the exception of Zn at Silverton, 2-3
year old brown trout can readily uptake and excrete during and after the GKM plumes at Silverton
and Durango. However, because Silverton trout are nearly saturated with respect to Zn, their uptake
and excretion of Zn would be virtually undetectable. Secondly, whole-body concentrations of all
metal simulated by BASS using median observed dissolved metal concentrations at the SUIT
Reservation agree well with the mean observed whole-body metal concentrations for the middle and
lower Animas [i.e., SUIT (2015) and USBR (1996)]. Thirdly, with the exception of Pb at Durango,
all peak whole-body metal concentrations of 2-3 year old brown trout at Silverton and Durango
exceeded the mean observed whole-body metal concentrations for the middle and lower Animas
[i.e., SUIT (2015) and USBR (1996)].

BAF Plume and Snowmelt Dynamics

Published metal BAFs are highly variable and generally inversely dependent on the environmental
water concentrations used to calculate them (Chapman et al. 1996, McGeer et al. 2003, DeForest et
al. 2007). This inverse relationship can be attributed to at least three factors. The first of these is the
fact that metal bioaccumulation by fish is a kinetic process. Consequently, if the ability of fish to
uptake and/or to excrete metal is slower than the rate-of-change of the metal’s dissolved water
concentrations to which they are exposed, there necessarily must be an inverse relationship between
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372  afish’s instantaneous BAFs and its aqueous exposure concenirations. A second factor contributing to
373  this inverse relationship, is the fact that the internal distribution of metals within fish is limited by the
374  availability of free binding sites (e.g., sulfhydryl groups for metals like Cd, Cu, Pb, and Zn). When
375  these binding sites approach saturation, the fish whole-body concentration approaches a constant

376  regardless of the any further changes in their exposure concentrations. When this occurs, calculated
377  BAFs must decrease with increasing exposure concentrations and increase with decreasing exposure
378  concentrations. Lastly, when estimating metal BAFs across multiple sites, differences in the mean
379  exposure concentrations across those sites will also contribute to an inverse relationship between

380  BAFs and the associated dissolved water concentrations.

381  Figure E-5 displays the annual dynamics of background metal BAFs (L/kg wet wt) for all age classes
382  ofall fish species simulated by BASS during an average flow year at Silverton and Durango. Also
383  shown in this figure are the annual dynamics of the empirically estimated dissolved water

384  concentrations (mg/L). During much of the year, when water concentration varies relatively little,
385  BAFs are relatively constant; see for example, Cd, Pb, and Zn at Durango from early October

386  through start of snowmelt. However, during snowmelt, all BASS-simulated BAFs demonstrate, to a
387  greater or lesser degree, an inverse relationship to their corresponding dissolved water

388  concentrations. This relationship is most evident with zinc at Silverton during snowmelt. At this
389  location and time, fish are nearly saturated with zinc, and they must excrete relatively large fraction
390  of the whole body burdens before there is a significant decrease in their whole-body concentrations.
391  However, because dissolved water concentrations are simultaneously decreasing, BASS-simulated
392  Zn BAFs must increase (refer to Figure E-1).

393 BASS-predicted Zn BAFs at Silverton and Durango also demonstrate another dimension of the

394 classic inverse relationship between metal BAFs and their water concentrations during the period
395  preceding snowmelt (i.e., late December to late April). During this period, Zn BAFs at both Silverton
396  and Durango are essential “constant” with respective to time. However, because dissolved zinc

397  concentrations at Durango are an order of magnitude less than those at Silverton, BAFs predicted for
398  Durango are almost an order of magnitude higher than those at Silverton.

399 Figure E-6 displays metal BAFs (L/kg wet wt) for all age classes of all fish species simulated by
400  BASS during the GKM plumes at Silverton and Durango. In this figure, all BASS-predicted BAFs
401  demonstrate strong inverse relationship with their corresponding dissolved water concentrations

402 (Cwa), and Table E-4 summarizes these relationships using linear model log,, BAF =a +blog,, C

wd -
403  The relative strengths of these increase relationships, compared to those predicted during snowmelt,
404  can be attributed to the relative rates of change in dissolved water concentrations during these two
405  events. In particular, whereas the snowmelt lasts approximately for 3 months, the GKM plumes at
406  Silverton and Durango lasted for approximately 14 and 40 hours, respectively. Since concentration
407  half-lives of metals in Animas River fishes vary between 3 and 16 days depending on metal and
408  location (see Table 7-10), metal concentration in fish during the GKM plumes will generally be

409  much further away from steady-state with their water exposures than are fish during snowmelt.

410 Consequently, as dissolved water concentrations decrease BAFs must increase and vicea versa.

411
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Tables

Table E-1. Summary of the regressions for estimating daily instream loadings (L g/s) as a function

of river discharge (Q L/s) using the linear model log,, L = a +blog,, O . Data sources were the
EPA STORET database and the USGS GKM database released online.

Site Metal a b r* adjusted SE n
Durango Cd -0.507 0.951 0.755 0.163 165
Durango Cu -0.771 1.29 0.619 0.304 165
Durango Pb 0.747 0.921 0.609 0.222 165
Durango Zn 2.11 0.881 0.542 0.244 165
Silverton Cd 1.31 0.674 0.810 0.129 131
Silverton Cu 2.76 0.390 0.172 0.332 131
Silverton Pb 0.293 0.770 0.422 0.354 131
Silverton Zn 421 0.588 0.838 0.102 131

Table E-2. Summary of the regressions (LLS = ordinary linear least squares regression, GM =
geometric mean regression) for converting reported metal concentrations in fish fillets (Cr) to whole-
body concentrations (Cyb) using the linear model log,, C,, =a +blog,, ;. Data sources are as
follows: Bevelhimer et al. (1997), Gale et al. (2004), Goldstein and DeWeese (1999), Giindogdu et

al. (2011), Mcintosh and Bishop (1976), Mierzykowski and Carr (1998), Mierzykowski et al. (1997),
NCDWR (2014), ODEQ (2003), Sjahrul (2014), and USEPA (2006, 2007).

Metal a b r’ SE Observations Type
Cd -0.402 0.450 0.259 0.468 23 LLS
Cu 0.230 0.733 0.291 0.244 65 LLS
Pb -0.072 0.642 0.465 0.556 23 LLS
Zn 0.921 0.472 0.174 0.151 95 LLS
Cd 0.505 0.883 0.448 0.395 23 GM
Cu 0.526 1.36 0.677 0.164 65 GM
Pb 0.479 0.941 0.663 0.432 23 GM
Zn 0.374 1.13 0.489 0.118 95 GM
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424  Table E-3. Means and standard deviations (in parentheses) of simulated and observed background
425  whole-body metal concentrations (ug/g wet wt) in fish from the Animas and San Juan Rivers (USBR
426 1996, Simpson and Lusk 1999, SUIT 2015)and from AK, ID, MO, and OK watersheds impacted by
427  Thistoric or current mining. Data sources are as follows: Allert et al. (2013), Farag et al. (1998), Gale
428  etal. (2004), Hitselberger (2012), Kanouse and Brewster (2013), Kiser et al. (2010), Simpson and
429 Lusk (1999), SUIT (2015), and USBR (1996). Reported fillet concentrations were converted to

430  whole-body concentrations using the geometric mean regressions summarized in Table E-2. Table
431 abbreviations: BD = below detection; NS = not simulated; obs = observed data; sim = simulated

432 data.

Location type Cd Cu Pb Zn

) ) 238 464 0199 231
BASS Silverton S 0.740)  (2.10)  (0.050)  (35.4)
BASS Durango w0357 3.20 185 939

(0.056)  (0.959) (0.293)  (15.7)
0.179 1.60 0923 527

BASS SUIT SM 0 028)  (0.481)  (0.147)  (9.17)

Animas River (SUIT 2015) obs (gjgég) é:gi) (8:82(1)) (igig)
Animas River (USBR 1996) obs (8: ééi) (‘i‘}i) (8;32‘1‘) (;%:8)
Animas River combined obs (8 é;i) (%Zg) (ggéi) (328)

San Juan River (Simpson and Lusk 1999) obs (8(1)3;) (3?(5)) (832) (igié)
AK,ID MO & OK mining sites obs 0.289 413 4040 pos

0.294)  (9.13)  (10.6) (322)

433

434 Table E-4. Summary of the regressions characterizing the relationship between the instantaneously
435  realized logio BAFs simulated by BASS and their associated dissolved water concentrations during
436 the passage of the GKM plumes at Silverton and Durango using linear model

437  log,, BAF =a+blog,,C,,.

Metal Site a b r? adjusted SE
Cd Durango -0.525 -1.02 0.928 0.103
Cd Silverton 0.719 -1.06 0.923 0.142
Cu Durango 0.499 -1.01 0.924 0.0709
Cu Silverton 2.17 -0.976 0.885 0.347
Pb Durango -0.852 -0.984 0.773 0.221
Pb Silverton 0.840 -1.02 0.819 0.579
Zn Durango 1.61 -1.02 0.890 0.125
Zn Silverton 2.39 -0.972 0.982 0.0578

438
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Figure E-1. Plot of the hyperbolic adsorption isotherm for zinc as defined by Equations (E.9) and
(E.10) where Ca and Cd denote the molar concentrations in the fish aqueous and dry organic matter,

respectively.
1000
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= 10
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Figure E-2. Annual dynamics of whole-body metal concentrations (ug/g wet wt) in 2-3 year old brown trout simulated by BASS compared to field
concentrations observed in the Animas and San Juan Rivers and in AK, ID, MO, and OK watersheds impacted by mining.
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Figure E-3. Box plots of annual background whole-body metal concentrations (ug/g wet wt) simulated by BASS compared to field concentrations

observed in the Animas and San Juan Rivers and in AK, ID, MO, and OK watersheds impacted by mining.
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Figure E-4. Simulated dynamics of whole-body metal concentrations (ug/g wet wt) in 2-3 year old brown trout during the GKM plumes compared
to field concentrations observed in the Animas and San Juan Rivers.
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Figure E-5. Simulated dynamics of metal BAFs (L/kg wet wt) for all age classes of brown and rainbow trout; bluchead, flannelmouth, and white
suckers; and mottled sculpins simulated by BASS during an average flow year. Also shown are dynamics of the empirically estimated dissolved

water concentrations (mg/L).
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Figure E-5. Continued
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Figure E-6. BASS-predicted BAFs (L/kg wet wt) for all age classes of all fish species during the GKM
plumes at Silverton (blue data, n = 2106) and Durango (orange data, n = 3128).
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